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A. Abstract   
42. This paper provides a background on the links between climate change and air 
pollution, and why this issue is important to policy makers. 
43. There are numerous well-documented linkages between air pollution and climate 
change both in sources and effects. There is also considerable evidence of substantial 
potential benefits and synergies from integrated strategies to address both issues 
together to achieve ‘co-benefits’.  However, both the climate change and air pollution 
issues have until now been considered in separate policy and science arenas.   Both 
climate change and air pollution pose major threats to a pathway to sustainable 
development that enables nations and societies to climb out of poverty.   
44. As knowledge has advanced, it has become clear that air pollution and climate 
change are intimately interlinked. They have similar sources, atmospheric processes and 
effects.  Despite these similarities, strategies to reduce emissions of traditional air 
pollutants may increase or decrease emissions of greenhouse gases.  Likewise, 
strategies to reduce greenhouse gases can have positive or negative effects on air 
pollution. 
45. Methane is an ozone precursor as well as the second most important greenhouse 
gas. Therefore, reducing methane emissions will have a rapidly beneficial effect on global 
warming and urban air pollution, which would quickly become apparent due to the 
relatively short residence time of methane in the atmosphere.   
46. Ground-level ozone has the third largest positive global warming effect after 
carbon dioxide and methane. As ground level ozone contributes to global warming, crop 
yield losses, health and ecosystem impacts, there is a clear justification for measures that 
reduce ozone for the benefit of the global climate, crop yields and human health.   
47. There are uncertainties concerning the impact of some particles in the 
atmosphere on global warming, but the adverse impacts of particles on human health are 
clear. The reduction of emissions of black carbon from some sources (e.g. diesel 
vehicles) will result in reductions in both global warming and human health impacts. 
Because of the short atmospheric lifetime of black carbon particles, the impact of 
emission reductions is instantaneous. Even if CO2 emissions stopped, warming is 
expected to continue for 1000 years, so efforts to limit CO2 emissions alone will not 
prevent dangerous climate change.  Increasingly there are callS from governments for 
fast-acting strategies to complement reductions in emissions of CO2. Taken together non-
CO2 anthropogenic emissions account for 40-50% of anthropogenic radiative forcing and 




strategies to limit emissions of methane, black carbon, troposphericozone precursors and 
hydrofluorocarbons will have rapid impacts to reduce radiative forcing (Molina et al. 
2009).  
48. There is intense pressure to reduce particulate matter concentrations, including 
sulfate, and black carbon components. The reduction of sulfate concentrations in the 
atmosphere due to impacts on human health and effects of acid rain on ecosystems will 
reduce the cooling effect of sulfate on the atmosphere, thus putting increased pressure 
on the need for abatement of the greenhouse gases.  
49. There is uncertainty about the net effect on global warming from the burning of 
biomass due to the lack of knowledge about the balance of emissions of black carbon 
(warming effect) and organic carbon (cooling effect) from these sources. However, the 
imperative to reduce health impacts, especially of the poor will entail pressure to reduce 
emissions from these sources. 
50. In the Greater Mekong Sub-region, a combined approach to deal with both climate 
change and air pollution can therefore have a number of positive synergistic effects.  
Because many GMS countries are in the early stages of considering or adopting policies 
and programs to address either air pollution or climate, some excellent opportunities exist 
to build in strategies that address both issues in a cost-effective way.   
51. The Intergovernmental Panel on Climate Change (IPCC) has stated that warming 
of the climate is unequivocal, and it is very likely that most of the increase in global 
average temperatures since the mid 20th century is due to increases in human-induced 
emissions of greenhouse gases (IPCC, 2007).  At the same time, the health and 
environmental impacts of air pollution are so significant that there are urgent efforts to 
promote more effective systems for addressing these emissions, particularly in 
developing nations. 
52. The IPCC has reported that global atmospheric concentrations of carbon dioxide 
(CO2), methane (CH4) and nitrous oxide (N2O) have greatly increased as a result of 
human activities since 1750 and now far exceed pre-industrial values over the last 
650,000 years (IPCC, 2007).  The IPCC also found that warmer temperatures and rising 
sea levels "would continue for centuries" even if greenhouse gas levels are stabilized, 
although the likely amount of temperature and sea level rise varies greatly depending on 
rate of greenhouse gas emissions during the next several decades.  
53. The World Health Organization (WHO) estimates that over 800,000 premature 
deaths occur each year as the result of outdoor air pollution. Air pollution is responsible 
for tens of millions of cases of respiratory and other illnesses, severely affecting quality of 
life, reducing economic activity and affecting the disadvantaged and poorest most 
severely.  Overwhelmingly, the main impacts now occur in developing countries where 
increased health costs, reductions in crop yields, and other impacts significantly reinforce 
the poverty trap.   
54. Many countries, especially in Asia, have experienced the benefits of the 
implementation of comprehensive air pollution policies. Many countries have reduced air 
pollution over the past decades and, in the process, have developed an extensive 
scientific, technical and legal basis on which to implement air pollution policies.  Much of 
this experience is required to address climate change. However, the experience with air 
pollution policies as a guide to addressing climate change has rarely been considered 
until recent years.  
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B. Interactions between climate change and air pollution  
55. Climate change and air pollution have been treated as two separate and distinct 
policy issues. Air pollution control strategies have traditionally been focused on reducing 
emissions of those air pollutants that are harmful to human health or the environment 
such as particulate matter (PM), ozone (O3), sulfur dioxide (SO2), nitrogen oxides (NOx), 
toxic air pollutants, and heavy metals.  Climate change policy has focused on reducing 
emissions of carbon dioxide primarily, but also methane and nitrous oxide.  
56. Fossil fuel combustion is a major source of both traditional air pollutants and 
GHGs.  The combustion of fossil fuel results in the emissions of greenhouse gases 
including carbon dioxide, methane and nitrous oxide. Burning fossil fuels also emits a 
range of air pollutants, including carbon monoxide, carbon particles (“soot”), nitrogen 
oxides and sulfur dioxide. Some of these compounds react in the atmosphere to form 
secondary pollutants including ozone, particulate sulfate, nitrate and carbon compounds. 
Air pollutants may also influence climate change and it has become clear that air pollution 
can affect greenhouse gas cycles, and climate change influences the emissions, 
transport, chemical behaviour and impacts of atmospheric pollutants.    
57. Air pollutants including ozone and particles contribute to climate impacts, though 
the timescales of these impacts (days to months) are generally far less than those of the 
global pollutants (decades to centuries).  For example, ground-level ozone has the third 
largest positive global warming effect after carbon dioxide, and methane (IPCC, 2007). 
Because ozone plays an important role as a GHG, altering the emissions of ozone 
precursors such as nitrogen oxides and volatile organic compounds has implications for 
climate.    
58. Changes to climate such as shifts in rainfall patterns also arise from the presence 
of particles in the atmosphere, including the ‘Atmospheric Brown Cloud’ effect  
(Ramanathan et al., 2002), alongside the climatic changes induced by global warming. 
The impacts of climate change and air pollution together with elevated carbon dioxide 
concentrations often interact, in some cases augmenting each other and in others 
reducing overall impacts.   
59. Emissions of sulfur dioxide lead to the formation of sulfate particles in the 
atmosphere, which reflect incoming solar radiation, thereby reducing air temperatures. 
Sulfate particles also increase the reflectivity of clouds (albedo effect) reducing the 
temperature at the earth’s surface.  
60. A large fraction of anthropogenic particles consists of sulfate, which forms through 
chemical oxidation from sulfur dioxide, emitted jointly with carbon dioxide in fossil fuel 
combustion. In many regions of Earth, the sulfate particle concentration has declined in 
recent decades after pollution-reduction legislation was introduced (Kuylenstierna et al, 
2007). Because sulfate particles remain in the atmosphere for days, whereas carbon 
dioxide remains there for a century or more, the greenhouse-gas effect accumulates, 
whereas cooling caused by particles is tightly linked to current emissions. Cooling caused 
by particles thus offsets part of the greenhouse-gas warming. This a masking effect that 
may be removed suddenly when fossil fuel combustion emissions are reduced or fuel 
combustion is eliminated (Brasseur and Roeckner, 2005). Since preindustrial times, the 
soot particle concentration increased much more than did the rest of the particles.  
61. Most particles mainly scatter sunlight, but soot also strongly absorbs solar 
radiation. In both cases, the effect at the Earth’s surface is less incoming radiation. 
However, at the top of the atmosphere, where the Earth system’s energy balance is 




determined, scattering has a cooling effect, whereas absorption has a warming effect. If 
particle concentrations increase more than does scattering, the cooling caused by 
particles of the Earth system is smaller than it would otherwise be.  
C. Policy Interventions 
62. Interventions designed to improve local air quality or to reduce GHG emissions 
often have important and complex inter-linkages.  Methane, for example, is both an ozone 
precursor and a GHG, so successful methane abatement programs will have positive 
impacts on both climate and air pollution, and some measures may be highly cost-
effective.  In contrast, the further abatement of sulfur dioxide emissions may lead to 
enhanced global warming.  
63. Increases in particle emissions into the atmosphere may lead to a strong 
greenhouse gas warming response. For example, Shindell and Faluvegi (2009) have 
suggested that decreasing sulfate particle concentrations and increasing black carbon 
particle concentrations have contributed to the rapid Arctic warming in recent decades.  
64. Programs to reduce emissions of greenhouse gases can have important effects 
on air pollution.  For example, demand-side management programs and certain 
renewable energy policies will not only reduce emissions of greenhouse gases, but will 
also have significant air pollution benefits.  The IPCC reported that mitigation strategies 
aimed at moderate reductions of carbon emissions in the next 10 to 20 years (typically 
involving carbon dioxide reductions between 10 to 20% compared to the business as 
usual baseline) also reduce sulfur dioxide emissions by 10 to 20%, and nitrogen oxides 
and particle emissions by 5 to 10% (IPCC, 2007). The IPCC reported that several tens of 
thousands of cases of premature deaths could be avoided annually as a side-effect of 
moderate carbon dioxide mitigation strategies. 
65. In contrast, some GHG mitigation strategies can adversely affect air pollution.  For 
example, increasing the proportion of diesel-fuelled vehicles instead of petrol-fuelled 
vehicles can reduce emissions of carbon dioxide, but increase emissions of cancer-
causing particles. Expanding the use of biofuels can reduce emissions of carbon dioxide, 
but increase emissions of nitrogen oxides and particles over their life cycle compared with 
petrol and diesel-fuelled vehicles (Air Quality Expert Group, 2007). 
66. Recent modeling studies (Levy, et al., 2008; Shindell et al., 2008; Kloster et al., 
2009) have shown that changes in pollutant and precursor emissions, atmospheric 
burden, and global warming are not necessarily proportional. Furthermore, current 
models do not capture many of the complex atmospheric processes involving particles 
and reactive trace gases (Shindell et al., 2009). The idea that air pollution control could 
help to mitigate climate change, buying time until greenhouse gas reductions take effect, 
seems attractive, because air pollutants are short-lived in the atmosphere compared with 
carbon dioxide and other greenhouse gases. The warming effect of these short-lived 
species is uncertain but may be large. The contribution of anthropogenic ozone to global 
warming may be twice the mean Intergovernmental Panel on Climate Change (IPCC) 
value of +0.35 W m-2 (IPCC, 2007). Ramanathan and Carmichael (2008) have inferred a 
warming effect for current black carbon levels of more than half the value of the current 
carbon dioxide warming effect.  
67. Assuming a climate sensitivity of 2° to 4°C for a doubling of carbon dioxide, 
elimination of black carbon emissions could decrease global surface temperature by 0.5° 
to 1°C (Ramanathan and Carmichael 2008). Alternatively, pollution control could 
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accelerate climate change if reduction of short-lived pollutants with cooling effects, 
especially sulfate particles, outweigh reduction of those with warming effects (Andreae et 
al, 2005). Climate sensitivity analysis suggests temperature increases well above IPCC 
estimates for all but the lowest estimates of net particle temparature effects (Andreae et 
al, 2005). 
68. Changing particle concentrations may alter local and regional cloud cover and 
precipitation, change the intensity or timing of the monsoon circulation, and even shift 
precipitation across national borders (Rosenfeld et al., 2008; Andreae et al., 2004).  
Changes in cloud cover and precipitation will also feed back on the photochemistry and 
rainout of short-lived species (Kloster et al., 2009). These issues must be considered if 
particle emissions are to become part of climate policy. Given the toxicity of pollutants, 
the question is not whether ever stricter air pollution controls will be implemented, but 
when and where (Parrish, 2009).  
D. Why joint approaches are important in the GMS 
69. In the GMS, efforts to reduce poverty and grow employment and economies are 
the major goals of nations. In the traditional model, economic growth would lead to 
increases in emissions of GHG and air pollutants.  However there are a number of 
policies that can provide for economic growth and increasing employment while reducing 
emissions of air pollutants and greenhouse gases for example use of clean fuels, fuel 
switching, and energy efficiency measures.   
70. In the GMS, a combined approach to deal with both climate change and air 
pollution can therefore have a number of positive synergistic effects.  Because many 
GMS countries are in the early stages of considering or adopting policies and programs to 
address either air pollution or climate, some excellent opportunities exist to build in 
strategies that address both issues in a cost-effective way.   
71. Firm commitments to major measures to address climate change seem unlikely in 
some GMS countries unless other benefits can also be identified.  In addition, there 
remains a suspicion of climate change policies in many developing countries where 
policies to address air pollution are being implemented. Carefully selected policies can 
achieve immediate positive benefits for improving air quality in cities while also helping to 
provide climate change mitigation.  
E. Policy linkages  
72. Integrating climate change and air pollution policies will allow benefits to be 
optimized and will avoid them working against each other.  Analyzing and designing air 
quality and climate change strategies independently can result in a number of risks: a 
failure to spot trade-offs early enough; an incomplete assessment of benefits; a double-
counting of costs; an incomplete assessment of the mitigation potential; and the 
possibility of overlooking the best overall option in favor of one focusing on only one of 
the issues. Assessments and design of strategies therefore are being brought together in 
a number of countries.  A framework that has been used in various Asian countries to 
examine air pollution/climate trade-offs and cost-effective solutions is the U.S. 
Environmental Protection Agency’s Integrated Environmental Strategies (IES) program.  
73. The Indian Prime Minister Manmohan Singh announced on 30 June 2008 the 
National Climate Action Plan for India which outlines eight national missions intended to 
redirect economic development down a more sustainable path. It specifically outlines a 
co-benefits approach designed to achieve development goals and climate goals 




simultaneously. This type of high-level political support is necessary to focus on policies 
that capture multiple benefits. It signals the potential access to additional resources for 
such an approach, encourages (and may mandate) officials to adopt this approach and it 
coordinates action among jurisdictions that may not be coordinated otherwise. 
F. Developing and Applying Integrated Strategies  
1. Combining climate and air pollution goals  
74. Climate and air quality issues are regulated in the UK by the Department for 
Environment, Food and Rural Affairs and tradeoffs between climate and non-climate 
goals are negotiated. When a policy choice requires a tradeoff climate and air quality 
officers negotiate a solution that achieves their respective goals in the long term (AEAT, 
2007).  
In the State of California, the Air Resources Board has historically been responsible for 
regulating emissions to protect public health. It is now responsible for planning and 
implementing the state’s climate change mitigation plan. The agency pursues the two 
objectives simultaneously, but its historic role in regulating emissions of air pollutants 
remains its defining characteristic. The balance between these two objectives will 
undoubtedly change with time and political priorities but the strategic vision of bringing 
these two issues together has been recognized. 
2. Limited scientific or technical information  
75. The development of appropriate policies begins with an adequate scientific 
understanding of the issues, causes, effects, and consequences of each of the major 
intervention options.  This includes a quantitative understanding of the role of gases and 
particles in changing the earth’s climate, impacts on health and the environment, and 
consequences of climate change. However, many of these processes are complex and 
involve feedback functions that are not fully understood. This lack of a complete 
understanding may provide an impediment to policy development. However, the 
precautionary principle may be relevant in stating that if there are threats of serious or 
irreversible environmental damage, lack of full scientific certainty should not be used as a 
reason for postponing measures to prevent environmental degradation. In this case the 
assessments of IPCC, Stern and others suggest major adverse consequences of 
delaying measures to prevent climate change. Clearly decision-making should be guided 
by careful evaluation of the risk-weighted consequences of the options and be guided by 
an assessment of costs, benefits and effectiveness of options. 
G. Sources of emissions 
1. Emissions from energy use  
76. Energy use, especially from the use of fossil fuel, is a driver of most air pollutants 
and GHG emissions. Residential buildings and the industrial sector together account for 
60% of global electricity consumption.This has been partly decoupled from the growth of 
GDP due to increased efficiency in energy and electricity production, improved production 
processes and a reduction in material intensity, (IPCC, 2007). The global primary energy 
supply has increased by 4% annually between 1987 and 2004 and fossil fuel supplies 
more than 80% of energy needs (IEA 2007). By 2015 55% of global GHG emissions will 
come from cities in Asia (Lohani 2009). 
77. Developed nations are the main per capita user of fossil fuel and the main emitter 
of greenhouse gases. However, in many developing countries the use of long-lived, 
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outdated and polluting technology exposes vulnerable communities to the adverse health 
effects caused by air pollution and at the same time this inefficiency leads to high costs 
and high emissions of GHG (IPCC 2007b).  
78. Among the factors that define the level of emissions from the energy sector are 
fuel quality, technology, emission control measures, and operation and maintenance 
practices. Energy efficiency improvements and energy conservation are given high 
priority in the energy development strategies of both developed and developing countries. 
High efficiency and clean technology and security of supply will be crucial to achieve a 
low-emission development path for both GHGs and air pollutants. Energy efficiency can 
reduce GHG emissions by between 45 and 53% (Lohani, 2009).  
79. The use of cleaner fuels, end-of-pipe controls, closure of inefficient sources and 
promotion of more efficient energy use have reduced emissions from large stationary 
sources in many countries. In many developing countries such measures have the 
potential to rapidly reduce emissions. Industrial sources that use obsolete technology, 
lack emission controls and are not subject to effective enforcement measures, contribute 
significantly to emissions of both greenhouse gases and air pollutants (Kuylenstierna et 
al, 2007). For example, a recent study by the ADB on Building a Sustainable Energy 
Future for the Greater Mekong Subregion a simulated modelling of discounted total costs 
of power generation indicates that the GMS-integrated scenario would be around 19% 
lower in cost than the existing agreements and project investments, and is estimated to 
be an equivalent of US$200 billion in cost savings. Regional integration will also reduce 
overall energy dependence by as much as 5.5 per cent of total energy consumption. 
Further, analysis shows that when the external environment and social costs of energy 
choices are included in the base case scenario, the discounted total cost will equal to the 
cost of a low-carbon scenario. This makes a low-carbon economy viable (Lohani, 2009) 
2. Transport sector emissions   
80. Atmospheric emissions from the transport sector depend upon factors including 
the number of vehicles, their age, technology, fuel quality, vehicle kilometres travelled 
and driving modes. Shifting from public transport systems to private car use increases 
congestion, greenhouse gases and atmospheric emissions. Poor urban land-use 
planning, which leads to low density urban land use, results in increasedcar travel and 
energy consumption. Air transport is increasing in use and it is also one of most 
greenhouse gas intensive modes of transport. Air transport has increased by 80% in 
kilometres flown between 1990 and 2003 (UNSD 2007) encouraged by growing affluence 
and lower prices. 
81. Economic factors are leading to improvements in energy efficiency, and new 
commercial aircraft are claimed to use up to 20 % less fuel than those sold 10 years ago 
(IATA 2007). Aviation emissions account for around 3.5% of human contribution to global 
warming from fossil fuel use. By 2050, this percentage could grow to between 4-15%  
(IPCC, 2007). In addition, the climate impact of aircraft emissions at high altitude is three 
times more damaging than carbon dioxide emitted at ground level.   
3. Industrial processes  
82. Manufacturing processes can also cause direct emissions, depending on the fuel 
used and the pollutants or the technology applied.  The shift in industrial production from 
developed countries to developing countries in the last two decades and the growth of 
powerful industrial production sectors in China, India and elsewhere has enormous 
implications for emissions of greenhouse gases and air pollutants. China is now the 




world’s largest emission source of carbon dioxide and sulfur dioxide and it is making 
serious attempts to control these emissions despite a rapidly growing economy. 
Developing countries have the capacity to reduce emissions from industrial processes by 
using more efficient processes, cleaner fuels, reduction in material and energy intensity 
and replacement of antiquated production facilities, but support for technology transfer 
may be needed in some cases. 
4. Biomass and land use practices  
83. The clearance of forested land, and its subsequent use for cattle and crop 
production, releases carbon stored in the trees and soils, and depletes its potential as a 
carbon dioxide sink. It may also increase methane, ammonia and nitrogen oxide 
emissions. Deforestation is known to have contributed about 20% to annual atmospheric 
emissions of carbon dioxide during the 1990s (IPCC 2007a). Normal agricultural land-use 
practices, such as burning crop residues and other intentional fires, increase emissions of 
carbon dioxide, particulate matter and other pollutants. Wildfires and forest fires used for 
land clearance also release very high levels of particulates. Land clearing activities in 
Indonesia causes a period of haze in South East Asian in 1997 that cost the people of the 
region an estimated US$1.4 billion mostly in short-term health costs caused by smoke 
particles (ADB, 2001). 
84. Various agricultural practices can lead to emission of atmospheric pollutants and 
greenhouse gases including carbon dioxide, particulate matter, ammonia, nitrogen 
oxides, sulfur dioxide, and volatile organic compounds. Black carbon particles emitted 
from vegetation burning contributes to global warming, but the organic or white carbon 
particles lead to surface cooling. Regular burning contributes to the Atmospheric Brown 
Cloud (Ramanathan et al, 2002).  
5. Domestic sector  
85. The domestic sector is responsible for much of the demand for goods and 
services such as electricity that increase emissions of both GHGs and air pollutants. 
Practices in the home also give rise to emissions and indoor air pollution. This is a 
particular issue in poor households of Africa and Asia where biomass is used for cooking, 
often in primitive stoves with poor ventilation. This causes indoor air pollution with 
particularly severe health impacts on women and children most exposed to smoke 
particles but it also can lead to significant levels of outdoor air pollution. The black carbon 
emitted from these indoor sources is significant in parts of the world such as South Asia. 
The burning of biomass also gives rise to black carbon emissions and the atmospheric 
brown cloud (Kuylenstierna et al, 2007).   
6. Urbanisation  
86. Emissions in densely populated areas can be high due to the total level of 
emission-related activity, even though the per capita emissions are reduced by higher 
energy efficiency and generally short travel distances. In combination with poor 
dispersion conditions, this can result in exposure of large populations to poor air quality. 
Urbanization, seen in such forms as urban population growth, is continuing as a result of 
a combination of social and economic drivers. Urban areas concentrate energy demands 
for transport, heating, cooking, air conditioning, lighting and housing (Kuylenstierna et al, 
2007).    
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7. Technology  
87. Technological innovation, coupled with technology transfer and deployment, is 
essential for reducing emissions. A broad portfolio of technologies is necessary, as no 
single technology will be adequate to achieve the desired level of emissions. Improved 
efficiency, use of cleaner fuels, desulphurization technologies, low nitrogen burners and 
end-of-pipe particulate capture devices are examples of technologies that have 
contributed to emission reduction. However, some technologies, such as flue gas 
desulfurisation, while effectively reducing sulfur emissions by more than 90%, also lead to 
increased carbon dioxide emissions per unit electricity produced (Kuylenstierna et al, 
2007).  A number of technologies may play key roles in reducing GHG emissions. They 
include those for improved energy efficiency, renewable energy, carbon capture and 
storage and carbon sequestration.  
H. Role of particles  
88. Small particles suspended in the air, play a substantial role in the radiation 
balance of the earth, mostly through scattering and absorption process (EEA 2004).  
They produce brighter clouds that are less efficient at releasing precipitation and lead to 
large reductions in the amount of solar irradiance reaching the Earth’s surface, a 
corresponding increase in solar heating of the atmosphere, changes in the atmospheric 
temperature structure, suppression of rainfall, and less efficient removal of pollutants. 
This has direct implications to availability and quality of freshwater (Ramanathan et al, 
2001). Sulfate aerosols, formed from the oxidation of sulfur dioxide in the atmosphere, 
reflect solar radiation and cause a cooling effect, masking much of the current warming 
effect. Organic aerosols also cool but black carbon heats the atmosphere through 
absorption of radiation (EEA 2004). As elemental carbon particles (soot or “black carbon”) 
contribute to global warming while also contributing to local air pollution, reducing 
concentrations of black carbon will be beneficial for both climate change and health 
effects.  
89. Uncertainty still exists concerning the magnitude of the warming effect of particles. 
IPCC (2007) reported that the human induced particles together produced a net cooling 
effect and observations and model calculations have shown that the particles in the 
atmosphere are delaying the global warming expected from the increase in greenhouse 
gases.    
90. Whilst most studies have characterised carbon from biomass burning as ‘black’ or 
‘organic’, analysis of particles over Asia suggest that some particles belong to a category 
of ‘brown carbon’ which makes a contribution to global warming (Duncan et al., 2008).  
91. Ground-level ozone formation is affected by the climate, especially temperature, 
as well as irradiance levels, both of which are affected by global climate change. Ozone is 
a potent pollutant affecting vegetation, crop yields and human health and it is also the 
third most important greenhouse gas. Methane is an important compound for the 
formation of ozone and, of course is the second most important greenhouse gas. Any 
reduction in ozone concentrations will result in reduced pollutant impact and warming.     
92. Many air pollutants can be seen as short-lived ‘greenhouse gases’ (or rather 
compounds) and control of these compounds will therefore result in a faster response of 
the climate system than the control of traditional greenhouse gases that tend to be long-
lived (e.g. about 20% of carbon dioxide remains in the atmosphere after a millennium 
(IPCC 2007a).  




I. Conclusions  
93. There are many significant barriers to enacting substantial global reductions of 
climate forcing emissions.  Strategies that integrate climate with air pollution controls can 
offer options for policy makers to help overcome these barriers and achieve more rapid 
greenhouse emission reductions than might otherwise be possible.    
94. To date, there have been mostly limited efforts to integrate climate and air 
pollution policy.  Current policy frameworks for air pollution and climate change are often 
not well suited to cooperation and integrated approaches.  For example, air pollution 
control strategies are often undertaken at local levels and do not include the 50-year 
planning horizons in which strategic options for climate mitigation are regularly 
addressed. There are also a variety of other institutional, cultural and technical challenges 
to successfully integrating climate and air pollution policies at various scales.  These 
include potential conflicts between climate and air pollution goals in certain cases, 
organizational and bureaucratic constraints, lack of political support and poor 
communication. 
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